Here we study naturalness problem in a type II seesaw model, and show that the Veltman condition modified (mVC) by virtue of the additional scalar charged states is satisfied at one loop within a region of the allowed parameter space of the model. The latter is severely constrained by unitarity and boundedness from below as well as by consistency with the diphoton Higgs decay data of the LHC run 1. In this context, our analysis of the naturalness condition affects dramatically the masses of heavy Higgs bosons H 0 , A 0 , H ± and H ±± , reducing the ranges of variation of m H ± and m H ±± with an upper bounds at 288 and 351 GeV, respectively, while the neutral Higgs bosons H 0 , A 0 are found to be almost degenerate at about
Introduction
The discovery of the Higgs boson at the LHC definitely confirmed the mass generation mechanism through the spontaneous electroweak symmetry breaking. This discovery along with many experimental data of various experiments (LHC, Tevatron,.....) reinforces the Standard Model (SM) as a successful theory in describing Nature. There are however many serious theoretical issues awaiting resolution such as the Naturalness problem and the neutrino masses. Hence one needs to modify the SM to tackle these problems and test the Higgs sector of the possible extension at colliders.
In this work [1] we addressed the naturalness problem in the context of Type II Seesaw model, dubbed HTM, with emphasis on its effect on the HTM parameter space. More precisely, we studied how to soften the divergencies and how to gain some insight on the allowed masses of the heavy scalars in the Higgs sector. Our study used the most general renormalisable Higgs potential of HTM and is essentially based on dimensional regularisation approach which complies with unitarity and Lorentz invariance. Also, the phenomenological analysis takes into account the full set of theoretical constraints, including unitarity and the consistent conditions of boundedness from below.
Type II Seesaw Model and Higgs Bosons Masses
Seesaw mechanism is implemented in the Standard Model via addition of a scalar field ∆ with hypercharge Y = 2. The potential of this model is [2, 3] 
where :
Triplet ∆ and doublet Higgs H are represented by:
After the spontaneous electroweak symmetry breaking, the Higgs doublet and triplet fields acquire their vacuum expectation values v d and v t respectively,
Extended Higgs sector: two CP even neutral scalars (h 0 , H 0 ), one neutral pseudo-scalar A 0 and a pair of simply and doubly charged Higgs bosons H ± and H ±± . The masse of these Higgs bosons are given by :
The coefficients A, B and C are the entries of the CP even mass matrix defined by,
Theoretical and Experimental Constraints
The HTM Higgs potential parameters have to obey several constraints originating from theoretical and experimental requirements. Boundedness From Below (BFB):
Unitarity:
Bounds on Higgs bosons masses :
From the LEP direct search results, the lower bounds on m A 0 ,H 0 > 80 − 90 GeV for models with more than one doublet in the case of the neutral scalars. For the singly charged Higgs mass we use the LEP II latest bounds, m H ± ≥ 78 GeV from direct search results, whereas the indirect limit is slightly higher m H ± ≥ 125 GeV [5] . In the case of the doubly charged Higgs masses, the most recent experimental lower limits reported by ATLAS and CMS are respectively m H ±± ≥ 409 GeV [6] and m H ±± ≥ 445 GeV [7] (assuming Br(H ±± → l ± l ± = 100%). However one can still find scenarios where m H ±± may goes down to about 100 GeV.
ρ parameter:
In addition using the ρ parameter in HTM, ρ 1 − 2
which indicates a deviation from unity, and imposing consistency with the current limit on ρ from precision measurements [4] , the upper limit on v t is found to be about about ≤ 5 GeV.
Veltman Conditions
The Veltman condition [8] implies that the quadratic divergencies of the two possible tadpoles T h 0 and T H 0 of the h 0 and H 0 CP-even neutral scalar fields vanish. It turns out that the two orthogonal combinations T d = s α T h 0 + c α T H 0 and T t = c α T h 0 − s α T H 0 induce simplification. Here, s α and c α denote the shortthand notation of cosine and sine for the rotation angle in the CP even Higgs sector. One ends up with the short expressions :
and
corresponding to the tadpoles of the triplet and doublet before symmetry breaking.
Phenomenology
As a result, we can show that the Veltman condition for HTM field leads to a drastic reduction of the parameter space to a relatively small allowed region (marked in brown in the figures), as one can see in Fig.1 , from which λ 1 ∈ [−0.3, 2.3] corresponding to m H ±± varying from 90 to 351 GeV, for which λ 4 is limited to lie in a reduced interval between −2.6 and 1.18. There are translated to dramatically reduced ranges for the heavy Higgs masses. This remarkable feature of the effects of the modified VC on the doubly charged Higgs mass is clearly indicated in Fig.2 , where the R γγ [9] signal strength is plotted as a function of the doubly charged Higgs mass m H ±± for different values of λ 1 . To close, we have shown that the mVC conditions severly constrain the HTM parameter space. As a byproduct, the masses of the heavy Higgs bosons are affected and their variation are reduced to lie within the ranges summarised in the Table hereafter. 
